This paper analyzes the potential economy-wide gains obtainable from the allocation of surface irrigation water to its most productive use, and evaluates a mechanism for achieving this result in an environment where considerable spatial heterogeneity in water availability and use exists. The focus country for the analysis is Morocco. The analysis is based on a general equilibrium model that, in addition to the rest of the economy, captures 82 agricultural production activities, 66 of which are in seven separately identified water districts that are spatially distributed over the entire country. The results are profound. They suggest that a decentralized water trading mechanism within each perimeter of the seven districts could increase agricultural output by 8.3 percent, affect the rental rates of other agricultural inputs at the national level, including labor, and have economy-wide effects that entail modest declines in the cost of living, an increase in aggregate consumption, and expansion of international trade.
I. Introduction
Inventing and implementing social mechanisms for allocating water to more productive uses remains a challenge in both developed and developing countries. Part of the difficulty is due to the problem of establishing property rights to water (Dinar et al, 1998 , Gleick et al, 2002 , another part to the relatively high fixed costs of damns and cannels associated with surface water which raises the issue of who pays and should marginal cost pricing for water be abandoned (Dinar, Subramanian, 1997 , Thoban, 1997 , Dinar, 2002 , still another to the negative externality that ground water extraction imposes on the extraction of water by others Roe, 1997, Tsur and Zemel, 1997) , and embodied in each these difficulties is the heterogeneity of water availability and use within any one country. This heterogeneity makes difficult the formulation of a uniform water policy, and tends to necessitate a set of policies with each taking into account the particular spatial water and crop peculiarities and historical practices that also vary by region. At the same time, policies must recognize that the various regions are inter-linked, and that they compete for economy wide resources so that a water policy on one region impacts other regions that compete for these resources.
Nevertheless, the need to overcome these difficulties is becoming ever more important. The International Water Management Institute (Sekler et al. 1999) for example has projected that by 2025 most regions in a broad swath from North China across Asia to North Africa and northern Sub-Saharan Africa will experience either absolute or severe water scarcity. In the majority of these countries, it is also the case that irrigated agriculture remains a major sector both in terms of its share in GDP and the proportion of a country's poor that reside in the sector.
The general purpose of this paper is to obtain insights into the potential economy-wide gains obtainable to irrigation water when it is allocated to its most productive use, and to evaluate the mechanism for achieving this result in an environment where considerable spatial heterogeneity in water availability and use exists. The heterogeneity encourages a more decentralized mechanism for allocating water while also requiring that policy makers take into account the indirect effect that policies in own and other irrigation districts have on the costs of other resources employed in agriculture, such as hired labor and capital. The intensity of water use, relative to other inputs, varies by region due to differences in climate, soil characteristics and water availability. This variability can greatly affect the returns to water, the degree to which water policy on one region has indirect, though no less important, effects on other resources, and thus the effectiveness of water policy to allocate water to its most productive use in on region of a country in contrast to another.
The effect of water policy on other resources is an important determinant of region's competitiveness in the production of a crop relative to other regions. Understanding the economics of the spatial diversity also helps to target those regions that are likely to gain the most from reform, thus helping to prioritize an already complex policy making process. The mechanism for reallocating water is also important for obvious reasons, but of key importance here, is the choice of a mechanism that might best take account of heterogeneity among irrigation districts, and one that is likely to meet the least resistance among farmers to implement.
The country chosen for this analysis is Morocco. This choice is based on its spatial diversity, availability of farm level data, and because of previous studies upon which to build (e.g., Doukkali, 1997, Diao and Roe 2002) . Of the approximately 15.8 billion cubic meters of water mobilized in an average year, about 83 percent is surface water that is regulated by nine regional agricultural development authorities (ORMVA) with about 498,617 hectares of land equipped for and under irrigation in 1996-97. Regional authorities assess farmers a fee for water that is generally lower then the water's productivity, and consequently, water allocation must be administered. The gap between water's productivity and the fee charged implies that farmers capture a rent to their water assignment. Allowing the water authority to auction water to the highest bidder would cause farmers to forego this rent, and thus they can be expected to resist this method of allocating water to its most productive use. The water assignments are made at the beginning of the crop year, and sometimes adjusted during the year depending on rainfall and water supplies from snow accumulated in mountain ranges. Agriculture is relatively large, accounting for about 15 percent of the country's total value added and about 47 percent of the population classified as non-urban.
The approach is to develop a computable general equilibrium model for the entire country with particular attention given to modeling the agriculture of seven major irrigation regions and the perimeters within each region. Each of the regions are linked to up and down stream markets, and compete with the rest of the economy for economy-wide resources. The empirical framework is used to provide empirical estimates of the shadow price of water in each perimeter of the seven major ORMVAs, given the country's current water policy, and to conduct an analysis of a water user-rights market among farmers in each of the seven regions.
The results show that considerable diversity exist in the productivity of water both within and between irrigation perimeters and districts. The creation of a water user-rights market in which farmers can rent in or out to other farmers some of their water user rights has the potential of greatly increasing the productivity of water. The results suggest that such a mechanism could increase agricultural output within the seven ORMVAs by 8.3 percent, and to have noticeable economy wide effects that entail a lowing of the cost of living, and the increase in foreign trade. The paper is organized by first laying out the conceptual framework that explains the key economic forces affecting the differences in the shadow price of water by region. It also defines a water user-rights market, how the creation of such a market might affect the allocation of water, the resulting rewards to property-right owners, as well as serving to guide the interpretation of the empirical results. Then, the nature of the data and empirical model upon which it is based are discussed, followed by the presentation of results.
II. The conceptual framework
The basic economic forces deriving the empirical results can be explained by narrowing our focus to a two sector (indexed j = a, b) economy that employs two economy wide factors, labor L, and capital K, given water assignments T a and T b . We first define the primitives and equilibrium conditions given the water assignments. This corresponds to the base solution of the empirical model. Then, we define the equilibrium in which farmers are given property rights to water equal to their assignments T a and T b . The second part shows the conditions determining how the market prices of water depart from the shadow values in the absence of a market.
Primitives of the model
The sector level production functions presume constant returns to scale
Where L j and K j are choice variables while initially, T j denotes water assignments to the j-th sector. Given perfect competition in each sector, the economy-wide GDP function can be expressed as
given that the assignments of water exhausts total water supplies T.
It also follows that the sector GDP functions can be expressed as
The shadow price of water is given by
The economy-wide GDP function equals the sum of the sector GDP plus payments to labor and capital
Properties of the GDP function are well known (Woodland ). For example the Hessin submatrix G pp is positive semi-definite, due to convexity in prices, while the factor sub-matrix G vv is negative semi-definite, due to GDP being nondecreasing in factor endowments. 
The experiment performed is to grant farmers user rights to their respective water assignments. They are permitted to rent in or out water, subject to the exhaustion of total water supply, T. Then, the equilibrium conditions can be rewritten as the existence of values {w * , r * , t * } such that
Where trade in water t equates the marginal value product of water among sectors, i.e., equates the shadow price of water
The amount of water transacted must be such that
And shadow prices must be positive.
It now becomes apparent that the change in the shadow price of water relative to the base, i.e., (π * /π o ) j has to do with, first, how the reallocation of water causes changes in the rental rates w, r, and then, how the change in these rates affect п a relative to п b . We now turn to this task
Comparative statics of shadow prices
First, we show the affect of changes in the water allocation on the rental rates of labor and capital. Note that rental rates are given by the gradient of the economy-wide GDP function with respect to the factor endowments L and K,
Differentiating these functions with respect to the water assignment, and requiring that the water constraint remain binding, we obtain the rate of change in factor rental rates as a function of the change in water allocation,
The "^" notation is the rate of change in the respective variable. The elasticities are
And the rate of change in the water used in sector b is
It follows from the Hessin of the GDP function that
As (2) and (3) suggest, the signs of the change in the rental rates of labor and capital are indeterminate without knowledge of the initial water assignment, and whether sector a employs factor i intensively relative to sector b. That is, the direction of change in the rental rates for labor can capital depend upon 1. the initial water asignment T j , which then can determine whether more or less water is allcated to the sector, and 2. the relative factor intensity of the sector.
Suppose that sector a was assigned an amount of wter such that to equate the shadow prices, water flowed to sector b. That is,
Then, the change in both factor rental rates are positive if sector b is both labor and capital intensive relative to sector a. In this case,
wL TC wL TC and rL TC rL TC
The intuition is that sector b, having more water, desires to also employ more labor and capital than the other sector is willing to release at the previous rental rate levels. Thus, for the labor and capital markets to clear, their rental rates must rise.
More generally, given (4), ther are four possible cases:
Case 1: Sector a is L intensive and K intensive β β
Where the signs are revised if (4) is positive. We now consider the affect of the change in labor and capital rental rates on the equilibrium shadow prices of water.
The shadow price of water must also satisfy the market clearing condition for water given above. Thus, using G j (p j ,w,r), the change in the j-th sector's shadow price of water is given by Sector j is said to be more labor than capital intensive if β 1j is larger that β 2j . This tells us that we can predict the change in the water shadow price if we know how the sign of the rental rates for labor and capital vary for changes in the water assignment.
More generally, substituting (2) and (3) into the above equation, we obtain
In summary, for an initial water assignment resulting in (4), we have four possible cases, two of which are determinate, and two of which are indeterminate.
They are:
Case 1: Sector a is L intensive and K intensive ( )
In the two determinate cases occur when the rental rates of labor and capital move in the same, either both rise or both fall. The indeterminate cases occur when the rental rates of labor and capital move in the opposite directions. In the indeterminate cases, it is likely that the shadow price of water for one sector falls relative to the base while the other rises relative to its former base, i.e.
While this discussion identifies the major forces determining the empirical results, the empirical model is far more complicated. For instance, goods produced in the domestic economy are presumed not to be perfect substitutes for imported goods in the same category. Consequently, the presence of a water market can cause changes in the prices faced by farmers so that in some circumstance, it is possible for these forces to dominate the affects discussed in this section. We now turn to a discussion of the empirical framework.
III. The applied general equilibrium model and data
The structure and parameters of the empirical model exploit two basic data sources. The national level data on employment, trade, non-farm production and resource flows are taken from a Moroccan social accounting matrix (SAM). The second source is detailed input-output data on crop production and water use at the farm level. These data are obtained from each of the country's water authorities, ORMVA. In the SAM, the Moroccan economy is disaggregated into 88 production activities, which produce 49 commodities and employ eight primary inputs. On the demand side, there are five private household groups and one public group. Since the EU is a major trading partner, Morocco's trade pattern between the rest of the world and the EU are identified separately. There are five different policy instruments included in the data, including taxes, subsidies, tariffs, payments for water, among others.
While the rest of the economy must be captured, the framework focuses in far more detail on agriculture. Of the 88 production activities, 82 are in agriculture or agriculture-related, including 66 in crop production, five in livestock, and 11 in processing agriculture, both up and down stream from the farm firm. The 66 crop production activities are further distinguished by within or outside the seven ORMVAs. Among the 33 activities within (or outside) the water authority perimeters, 21 are irrigated crop production and 11 are rain-fed. The 66 crop production activities produce 23 primary agricultural products, which implies that all crop products are jointly produced by different activities within or outside the ORMVAs. For instance, soft wheat is produced in both irrigated and in dry land areas, and in different regions of the country. Thus, this product is associated with a different production function (activity) depending upon where and how the crop is produced.
Detailed -farm level-annual input-output data are available for 33 crop production activities at the perimeter level within seven ORMVAS. The seven ORMVAs are further sub-divided into perimeters, totaling 20 perimeters. This data set provides us with farm level information on the water charge fee, cropping mix, water and land allocation, employment of labor and capital and intermediate input uses by crop and, obviously, by perimeter. Both sets of data were developed by Doukkali in conjunction with his students and colleagues.
We assume that there is a representative farmer (or firm) for each of production activity. For crop production, we assume that, within each perimeter, there are at the maximum 31 representative farmers engaged in crop production, while outside the ORMVA, there is only one representative farmer at the national level for each of the 31 crop production activities. In other words, there are a maximum of 621 representative farmers (calculated as 31 x 20 + 1) involved in crop production in the model. For example, hard wheat can be produced by farmers within perimeters or outside each of the seven ORMVAs, in irrigation or rain-fed areas, which together, total a maximum of 42 representative farmers engaging in hard wheat production. In fact, as some crops are not produced in some perimeters, the total number of representative farmers is smaller than 621.
Each representative farmer (firm) is assumed to maximize his (her) profit by choosing the amount of intermediate inputs, labor, capital, and the allocation of land. In the base solution, which reproduces exactly the "data" upon which the model is based, a farm -crop level water quota is assigned by the respective ORMVA. Output and input prices are given for individual producers but are affected by the market equilibrium within the economy. The farmers (firms') production function is assumed to be constant returns to scale in primary inputs (labor, capital, land, and water) with a constant elasticity substitution (CES) form. The intensities of intermediate goods are in fixed proportion to output.
Labor markets are notoriously difficult to model. Thus, Labor is specified as rural and urban. The rural labor is mobile among all agricultural sectors (including primary and processing agriculture), but rural workers cannot be employed in the seven other non-agricultural sectors (which are urban based). Outside the ORMVA areas, Capital and land are "mobile" among all the agricultural sectors in the sense that they can be allocated to the production of any of the identified crops (including livestock), while within an ORMVA, they are only mobile within each perimeter. That is, within a particular perimeter of a given ORMVA, capital and land can be allocated to any crop activity produced in the perimeter, but this capital and land cannot be allocated to production activities in another perimeter. Land is distinguished as irrigated and rain-fed, and the supply of irrigated land is fixed, i.e., we do not consider infrastructure investments to increase the size of the perimeter. The question of the social profitability of expanding the area in irrigated perimeters is left to a future paper.
The supply of irrigated water is employed in the production of irrigated crops, within and outside the ORMVA areas. Because of data constraints, the use of water by the urban sector and by non-crop agricultural production is omitted from this analysis. Water is mobile within a perimeter but not mobile across perimeters. There is no water mobility between ORMVAs, nor from an ORMVA to regions outside an ORMVA. The study focuses on the water policy and water efficiency within the ORMVAs, and not on private irrigated lands outside of the water authority districts. Included in the analysis is the water charge assessed on farmers in the district by authorities as given in the data base.
The water charge is presumed to be imposed by the method of volumetric pricing. This charge rate to farmers is generally viewed as only sufficient to cover operation and maintenance costs (Doukkali, 1997) . As the water charge is less than the price the marginal users are willing to pay, the distribution of water must be administered. When the quota of water assigned to farmers is below the demand for water at the given water charge rate, then, implicitly, the shadow price for water is positive. Depending upon the marginal product of water allocated to various crops and water availability within a perimeter, this price will vary accordingly, even though the government charges the same price per volumetric of water within an ORMVA.
The share of government charges in water's total contribution to valueadded to production at the farm level varies from 80 to 20 percent across perimeters. The difference between the shadow price of water and the government's charge accrues as a benefit (rent) to farmers, i.e., this is a part of farmer's profit. For each individual farmer, as the intensity of water use varies by crop, benefits related to growing various crops vary from an estimated less than one percent to more than 60 percent of the value-added to production. In other words, considerable heterogeneity exists across farmers, perimeters and regions in the intensity (importance) of water in production and farmer's profits.
IV. Simulation analysis -getting water price right
As government's water charges are below the shadow price of water that vary across different crops, efficiency in water allocation can be improved by getting water prices "right". Getting these prices "right" is defined as equating the marginal value product of water in its various uses within each perimeter of each ORMVA (note, not between perimeters or between ORMVAs.) The mechanism for achieving this result in the study is a decentralized one, i.e., allowing farmers within a perimeter to rent in or out their water user-rights. Farmer's entitlement to water user-rights are assumed to be determined by the water quota assigned to them by the water authority according to the farming practices in the data. The rental price is set at the market clearing shadow price for water within each perimeter and is solved simultaneously with all other endogenous variables in the model. Of course, there exist numerous adjudications, technical and practical problems in forming a water market, many of which are discussed in (Thobanl, 1997) . While these very real problems are ignored here, the simulation nevertheless provides empirical insights into the relative nature of the possible gains from such a water marketpricing scheme, as well as to providing insights into the regional differences in the productivity of water.
IV.1 Where does the water go?
Following the reasoning of the theoretical model, the first question to ask is: from which activities is the water allocated from and to which activities is it allocated to? In general, it is predictable that trade in water user-rights causes some (not all) water to be re-allocated away from crops yielding a relatively low return (i.e., low shadow price in the base), and to those crops whose shadow price of water in the base is relatively high. Moreover, the larger is the deviation in the base water shadow price cross crops within a perimeter, the more that water is likely to be reallocated to equate shadow prices (i.e., to equate the marginal value product of water among activities within a perimeter).
However, as noted in Section II.2, when water is re-allocated across crops, it may cause prices for other inputs, such as wage and capital rental rates, to change, as the production of different crops have different factor intensities in the use of water and other inputs, i.e., some inputs are more important in the production of some crops than others.
Not considered in the theoretical section is that the prices for output may also change due to different trade dependencies across sectors. The lower the ratio of the exports to total supply in a sector, the higher the sector's production is constrained by domestic demand. These factors also affect water allocation such that for a region with a multiple crop-mix, water may not go to the crops with a high base shadow price. The applied general equilibrium model allows us to measure where the water goes and how much water has to be re-allocated in order to improve water efficiency. Table 1 displays two results. The first column reports the standard deviation in water shadow prices cross crops within each perimeter based on the base years data. That is, in terms of the theory section, these are the standard deviation of the shadow values . The second column reports the percent of total water reported in the base data for each perimeter that is re-allocated after introducing water userrights markets in the model.
The water shadow price by crop is normalized by its mean at the perimeter level (the average returns to water in the perimeter). The measure of re-allocated water is related to the total water supply within the perimeter. A simple crosssection linear regression shows that there exists a significantly positive correlation between the standard deviation in the water shadow price and the amount of water re-allocated. That is to say, a large deviation in water shadow prices implies that the current water assignment is relatively far away from the assignment that would otherwise equate the marginal value product of water among alternative uses within a perimeter, i.e. the most efficient use of water. Thus, if water user-rights were traded, more water would be re-allocated to increase its efficiency. The larger the deviation observed in water shadow prices, the greater the incentive to trade in water user rights, and thus, the larger the percentage of the total water that is likely to be traded.
The highest percent of total perimeter water reallocated is more than 60 percent. This result occurs in the Haouz irrigation district's Perimeter 2 where the standard deviation in shadow price of water is 3.97. This deviation is the highest of all perimeters. The lowest ratio of re-allocated water over a perimeter's total water supply is 3.5 percent, and in this perimeter (Gharb, Perimeter 1), the deviation in water shadow price is only 0.35 (table 1x ). This result suggests that the ORMVA managing this perimeter has been relatively successful at allocating water assignments to maximize the returns to irrigation water, and thus, a market in water user rights cannot improve much on the efficiency already obtained.
With a few exceptions, the results suggest that trade in water user-rights causes water to be re-allocated away from crops with a low (especially very low) water shadow price and to those crops with a high shadow price (especially the highest one in the region). This is the result predicted by relatively simple theory posited in Section II.2.
Patterns across regions can also be observed. In most perimeters, the base year water shadow prices are relatively high in the production of vegetables and fruit crops and low in grain, sugar and other industrial crops. The reason is that grain, sugar, and other industrial crop production has been protected in Morocco by barriers to trade. With protection, farmers tend to grow more of these crops than in the case without protection (of course, this analysis leaves this protection in place and leaves to a future paper, the investigation of trade reform on the productivity of water). The relatively low shadow price for water in these crops suggests that either (a) the regional water authorities tend to favor these crops and assign water allotments to them that leads to relatively low returns to water, and/or (b) that in spite of protection, these crops are still not competitive with the production of other crops which implies a lower return to water resources than could be earned if the water was allocated to other crops in the perimeter.
Thus, the introduction of a water market causes a re-allocation of water away from the mentioned crops and towards the production vegetables and fruits.
This of course leads to a decline in grain and industrial crop production (table 2) . However, it should be noted that this does not mean that producers of the gain and industrial crops experience a decline in income. Instead, their income rises because they find it more profitable to "rent out" some of their water user rights to producers of fruits and vegetables (or increase fruit and vegetable production themselves) than to allocate this water to production of the protected crops.
To what extent does the reallocation of water in the various regions cause a change in production in the rain-fed areas? Declines in grain, sugar and other industrial crop production mainly occur in the irrigated area, while the same crop produced in the rain-fed areas either does not fall or falls only slightly (second part of table 2). There are two reasons to explain this. First, there is only an indirect effect of the water policy reform on the production of rain-fed crops. The indirect effect mainly comes from change in the prices for other inputs, such as wages, and capital rental rates, as well as some change in output prices. As water is allocated more efficiently within perimeters, the productivity of other resources is also affected, and most of these effects are positive. The result is to bit up the price of these other resources. This rise in prices of some inputs has larger negative effects on crops that employ them intensively relative to other crops. Thus, producers in the rain-fed areas face slightly higher prices for some -but not all -inputs used in their crop production. The second reason is that choices in the cropping mix are relatively limited for the dry-land area, so that farmers are limited to a smaller group of possible crops. Moreover, these dry-land crops are also produced in the other regions outside the seven ORMVAs. The change in the total output by crops at the national level is much smaller than the change at the ORMVA level (table 3) .
Overall, tables 2 and 3 suggest that the effects of water re-allocation tends to cause an increase in fruit and vegetables production, and to lower the level of cereal and industrial crop production. Or, stated differently, the water assignments to crops tend to favor the latter crops in the sense that these crops are obtaining water allotments even though the return to water in these crops is lower than it is in fruit and vegetable crop production. An important caveat is that we are not studying whether the resulting expansion of fruit and vegetable crop production can find markets in the EU and the rest of the world. This question is left to a future paper.
IV.2 What is the market price for water?
We now focus attention to the price of water, by perimeter, that results after a water market in user rights is introduced. Once trade in water user-rights is possible, farmers have a motivation to trade if the productivity of water they have been assigned departs from the productivity of water in other activities within the perimeter. For most (but not all) farmers who have a relatively low shadow price for water initially (i.e., as calculated in the base), but observe opportunities to obtain higher returns to their water by renting some of it to others, the new resulting water price can be higher and hence they have a motivation to rent out their water user-rights. Even though their income from growing crops using all of their former water assignment may fall as they rent out some of this assignment to others, the compensation from renting water out can exceed the decline in income from growing less of the former crop.
For the other farmers, even though the returns to the water assignment that they own property rights to may decline if the new water price is lower than the shadow price they face before trade in water was possible, their income will rise if they rent in water to expand their production. Thus, the competition in water use among farmers will cause the water market price to depart from the various shadow prices implied by the base year data.
In Section II.2, we noted the conditions that would cause the market price for water to be higher or lower than the shadow price based on the water assignment, and the conditions whereby the market price would lie somewhere between the high and low shadow prices observed base. The empirical results show that, in most cases, the market price for water is not higher (lower) than the highest (lowest) water shadow price in a perimeter. That is, the results suggest that, for almost all perimeters, the price of water after the introduction of a water user rights market lies within a range that is bounded by the highest and lowest shadow price for water observed in the base year (or calculated based upon base year data). Given the standard deviations reported in table 1, this implies there are farmers in each perimeter have incentives to rent in (out) water. However, as suggest by the theory in Section II.2, if the prices for other inputs all fall, or if the demand for renting in water is much higher than the supply of renting out water, the equilibrium water market price may be driven up and could, eventually, be higher than the shadow price that any farmer faced prereform. In this case, farmers should be greater incentives to save water by substituting water with other inputs or adopting water saving technologies.
The market price for water is still different across perimeters as we assume that infrastructure is not in place to channel water from one perimeter to the other, and hence a water market price is spatially confined to and determined locally within each perimeter. For some perimeters in which the supply of water is relatively large, or the cropping mix is less water-intensive, the market price for water may be relatively low, while for the other perimeters which are relatively water scarce, or the production structure is more water-intensive, water market price can be high. This implies that it may be socially profitable to expand water user-rights trading beyond the perimeter border, for example, trading between perimeters within an ORMVA or across ORMVAs, or trading between rural and urban areas. All these are important questions are beyond the scope of the present paper.
In order to quantitatively measure the level of the water market price after introducing trade in water user-rights, we compare the water market price with the average returns to water pre-reform for each perimeter. These results are reported in table 4. Table 4x also reports the change in the returns to capital and land, which are assumed to be mobile within a perimeter but not across perimeters. Effectively, perimeter capital and land are the perimeter's sector specific resource and are thus components of farm profits. We expect the change in water policy to affect the returns to these resources.
Among the 20 perimeters included in the study, there are 16 in which the market price for water post-reform is higher than the average returns to water prereform (see the Water column, table 4). This result implies that, at the perimeter level, water's productivity rises, on average, (i.e., the marginal value product of water rises post reform relative to the average marginal value product of water prereform) due to the introduction of trade in water user rights. Moreover, a crosssection regression shows that the magnitude of the rise in water productivity is closely related to the amount of water re-allocated due to the reform, i.e., the larger the amount of water re-allocated post reform, the larger the rise in water productivity. The two highest increases in the water productivity are observed in Haouz, Perimeter 2 (52%) and Moulouya, Perimeter 3 (37%), where more than 60 and 50 percent of water is re-allocated post reform, respectively (see table 4).
Whether the water market price post-reform is higher (lower) than the average return to water pre-reform highly depends on whether water moves away from growing some crops that are less (more) water-intensive to growing other crops that are more (less) water-intensive. More intuitively, as water moves from crops that are less water intensive to crops that are more water intensive, those giving up water tend release more non-water resources from production at the old rental rates of these resources than the water intensive crops can profitably employ at the old rental rates. Thus, market pressures cause the rental rates of these other resources to fall, which, as shown in the theory section, tends to raise the shadow price of water.
We choose an ORMVA -Souss Massa to illustrate this important point (see table 5 ). There are three perimeters in this ORMVA. In both Perimeters 1 and 2, the largest decline in water demand is in fodder production, ranging from 37 to 89 percent of water being re-allocated from these crops) and the largest increase in water demand is in the category, other vegetable production (ranging from 42 to 93 percent of the water being re-allocated to these crops). Fodder production is more water intensive than is vegetable production (as indicated by water's share in total value added). Fodder employs more water in Perimeter 1 than in Perimeter 2, and vegetable employs less water in Perimeter 1 than in Perimeter 2 (table 5) . Thus, as water is allocated to vegetables in Perimeter 1, vegetable producers also need to employ other resources. This need in turn causes the rental rates of other perimeter resources to rise (see table 4 ). This places downward pressures on the rise in water's shadow price with the end result that the market price of water is -12.58 percent of the average shadow price pre-water market reform. We see this same tendency for the case of Perimeter 3, but in this case the prices of other inputs rise and others fall by relatively small amounts so that the price of water is only slightly different (3.65 percent) than the pre-reform average. In the case of Perimeter 2, the post-reform price of water is 6.87 percent higher than the average shadow price, pre-reform. We see from table 4 that the rental rate of capital rose by 2.6 percent, and thus, the 6.78 percent rise is not the result we expect from the simple theory alone. However, we find that rural wages fall slightly, as do the prices of some other intermediate inputs. Thus, in final analysis, we see consistency in the direction of change in water prices.
VI-3. Why returns to other factors change?
In table 4 we also observe that the water policy reform affects returns to other factors, such as capital, and the returns to both irrigated and rain-fed land. In Section II.2, we discussed this possibility in a simple theoretical framework.
In the empirical model, rural labor is agricultural sector-wide factor, i.e., it can move among all agricultural and agriculture-related production activities (but cannot move into the seven urban based manufacturing and service sector activities). After introducing the water user-rights trade, the efficiency in water use is improved. The increase in the crop production that employs more water postreform also employs more labor than employed in these crops pre-reform. The seven ORMVAs in total increase labor demand by about 1.13% relative to the level observed in the data (table 6, the last column). That is, due to the improvement in water efficiency, there is a net labor inflow to the seven ORMVAs in total. However, it is not necessary for all ORMVAs or for all perimeters to raise their labor demand. Due to differences in cropping-mix and the amount of water reallocated post-reform, there are two ORMVAs in which there are net labor outflows. At the perimeter level, only the ORMVAs associated with Souss experiences a rise in the demand for labor in all of its perimeters. In the case of the other six ORMVAs, there is at least one perimeter in which labor demand falls (table 6).
The main cause for a labor inflow or outflow is due to differences in cropping-mix in the perimeter and the corresponding differences in labor intensity across crops. In general, if a perimeter's water is re-allocated away from growing more labor-intensive crops into less labor-intensive crops, then a labor outflow from the perimeter should be observed. The reason is that the change in water allocation in the perimeter results in a lower demand for labor, given the pre-reform wage rate. This downward pressure on wages encourages some labor to search for employment elsewhere. The opposite situation occurs if the water were re-allocated away from growing less labor-intensive crops and toward growing more labor intensive crops. In table 7, we calculate the average labor contribution in total value-added by two groups of crops in the perimeter. One group includes the crops in which more water is employed post-reform and the other is where less water is employed. In the case of Doukkala, Perimeter 1, water moves toward crops for which labor accounts for a relatively small share of total costs, compared to the crops giving up water. In this case, the crops receiving water have the need to increase employment, but to a smaller amount than the crops giving up water, and hence employing few workers. Comparing the results in table 6 with the calculations in table 7, we observe that for most perimeters, the model outcome regarding labor re-allocation is consistent with the reasons presented here.
Labor mobility, induced by water re-allocation within all perimeters, will cause the wage rate to change for the sector as a whole. We observe that the economy-wide wage rate for the rural labor declines slightly (0.81 percent, table 8) after introducing the water market. As labor mobility is driven by the water reallocation, which, as we analyze in Section IV-1, is mainly determined by the gap in crops yielding different returns to water, labor would move into those crops that compete water post-reform (table 9).
We calculate the average labor intensity in the rest of economy's agriculture and compare this estimate with the average labor intensity in total crop production of the seven ORMVAs. We find that labor accounts for about 15 percent of total value-added in the seven ORMVA's crop production, it accounts for about 22 percent of total value-added in the rest of economy's primary agriculture. If we only consider crop production, the labor contribution is as high as 26 percent in the rest of economy. As there is a much smaller contribution from water to the valueadded in crop production in the rest of economy, labor share is reasonably higher in the rest of economy than that in the irrigated regions. As irrigated regions compete for labor after water is more efficiently allocated, labor has been released from the more labor-intensive regions to the less intensive ones. Thus, the rural labor wage rate declines, albeit by a relatively small amount, 0.81 percent. This result is consistent with the prediction by the theory analyzed in Section II.2.
Capital rental rates and returns to land are also affected by the re-allocation of water (table 4). As capital and land can only move cross crops within a perimeter (and are not able to move across regions), the direction and magnitude of changes in the capital rental rate and returns to land can be different across regions. Again, the driving force yielding this result is the diversity in cropping mix across regions and the variety in factor intensity across crops. For example, as tree crops are relatively capital-intensive (but less land-intensive), if most of the re-allocated water is employed in this sector, then capital rental rate would rise, while returns to irrigated land may fall.
VI-4. Does water reform affect the rest of the economy?
Even though the seven ORMVAs only account for 10 percent of agricultural GDP in the economy, 1 the re-allocated of water across crops within perimeters has noticeable economy-wide effects. To show the basic effects, we draw upon selected aggregate economic indicators at the national level. These indicators are reported in table 10.
As irrigated districts' farmers become more competitive due to the more productive use of water, and thus compete for labor with farmers in the rest of agriculture, real output in the rest of agriculture declines slightly (by 0.01 percent). As the positive impact of water reform in the irrigated regions dominates the negative impact to the rest of economy in terms of output, economy-wide GDP increases by 0.17 percent, and even the cost of living declines slightly, by .07 percent. This aggregate welfare gain is also captured by the increase in consumer's total consumption, which rises by 0.25 percent. In other words, water reform in a sector that comprises about 10 percent of agricultural GDP, can increase national GDP by .17 percent. This amounts to a "free" gain in total welfare without the use of additional resources. If other macroeconomic reforms (such as trade liberalization) were undertaken, it is very likely that the gains from water reform would rise considerably, as suggested in a former, though far less detailed study (Diao and Roe, 2002) .
In terms of rural and urban income, we observe that urban income rises slightly more than the increase in the total rural income (0.2% vs. 0.16%). The main reason is due to the slight decline in the rural wage rate. Notice that rural nonwage income, i.e., incomes earned by those farmers who own capital, land, and water user-rights, increases by 0.46%, while total wage income declines by 0.66%. These results imply that the water reform may hurt or not necessarily make better off those rural workers that do not own assets other than their labor, such as land, and machinery. Moreover, for the farmers who own different amounts of land and capital, the impact of the reform is also different. Data show that the small farmer group (which obviously own less land and capital than those in the medium and large farmer groups) have to depend to a greater degree on wage income earned from employment either in non-farm activities or on the large farms. Thus, as a group, small farmers' income only rises by 0.17%, while income rises by 0.39% and 0.37% for the medium and large farmer groups, respectively.
Water policy reform also affects the country's trade. Given the static property of the model, the total trade deficit has treated as given, i.e., fixed (this is a common feature of static general equilibrium analysis). However, trade shares with the EU and the rest of world, as well as the structure of the trade is affected by the water policy. The results reported in table 10 suggest that the percent change from the base in Morocco's total trade with EU rises by almost 3%, especially the surplus in agricultural trade, (rises by more than 6%). It is well known that the EU is a major destination for Moroccan vegetable and fruit exports in which Morocco has a comparative advantage. As most of these products are produced by employing using water and more water is re-allocated into vegetable and fruit production in the irrigated regions, exports of these commodities rises. Table 11 reports the change in exports by commodity group. We observed that crop exports, especially exports to the EU, increase the most (more than 3 percent). Moreover, as domestic production of wheat, sugar and other industrial crops, in which Morocco tends not to hold a comparative advantage, declines due to water being re-allocated away from them, their imports rise. Thus, total crop and total agricultural imports rise by 0.71 and 0.85 percent, respectively (table 11 ). An implication is that foreign and domestic barriers to agricultural trade are important determinants of the shadow price of water in the districts studied here.
Further, it is almost surely the case that changes in the other economy-wide policies will affect the structure of trade to a greater degree than water policy alone. This, in turn would be expected to further affect water allocation and hence the structure of crop production, as well as the entire economy. Analysis on the relationship between water policy reform and trade liberalization is the focus of a forthcoming paper.
VII. Concluding Remarks
The growing scarcity of water in low income countries, countries in which the majority of the poor reside in the rural sector, a sector that in turn consumes the far majority of mobilizable water supplies, places increased pressures for developing mechanisms to allocate water to its most productive uses. Of the various reasons making this process difficult, this paper considers the spatial heterogeneity inherent in irrigated agriculture, the problem of establishing property rights to water, and the sector and economy-wide effects that changes in water policy can have on an economy. The design of a national water policy is made difficult by the spatial heterogeneity of agriculture. Property rights matter because they influence the motivation farmers have to use water efficiently, and to determining which farmers can use water more efficiently than others. The sector and economy-wide effects matter because changing water policies affect the prices of other economy wide resources, such as labor and agricultural capital, while at the national level, they can affect the level of exports, imports, and even the cost of living, as measured by the consumer price index, because food tends to be a relatively large share of total consumption expenditures. Ignoring these influences is to greatly underestimate the economic rewards from allocating water more to its most productive uses.
To provide insights into these factors, we develop a detailed economy wide model of the Moroccan economy with major attention given to seven irrigated regions whose water supplies and distribution are managed by seven water authorities, each of which contain at least two irrigation perimeters. Of the 88 production activities modeled, 82 are in agriculture or agriculture-related activities, including 66 in crop production, five in livestock, and 11 in processing agriculture, both up and down stream from the farm firm. The 66 crop production activities are further distinguished by being within or outside the seven ORMVAs. Among the 33 activities within (or outside) the water authority perimeters, 21 are irrigated crop production and 11 are rain-fed. The 66 crop production activities produce 23 primary agricultural products, some of which are produce in irrigated agriculture, as well as in rain-fed areas. The intent of this detail is to capture the spatial heterogeneity of irrigated agriculture.
Given policies in place, as depicted in the data including the water assignments made by the water authorities within each perimeter, the model is solved so as to reproduce the base data, as well as to provide estimates of the shadow price of water for each water assignment to each crop in each perimeter of each of the seven ORMVAs. The level and disparity in shadow prices provides insights into the degree to which water is allocated to its most productive crops.
Then, the assumption is made that farmers are given the user rights to their historic water assignments. In this case, they can choose to allocate water, as they have in the past and internalize, as part of their profits, the shadow price of water. Or, they can choose to rent out to, or in from other farmers in the perimeter some or all of their water, and receive as compensation, the resulting market rental price of water in that perimeter. This is the mechanism by which the property rights to water is modeled, and how trade in water user rights leads to the allocation of water so as to equate the marginal value product of water in its alternative uses within each perimeter.
The results are quite profound. They suggest that such a mechanism could increase agricultural output within the seven ORMVAs by 8.3 percent. Most likely, this estimate is conservative because some of the higher income stream will surely be invested into new agricultural capital, and growth in trade should encourage growth in the imports of intermediate capital goods that will help foster growth in agriculture and the rest of the economy.
The results suggest that output of fruits and vegetables increase the most, while the production of wheat and fodder tends to decline. Water reform is shown to have economy-wide effects, to place downward pressure on the cost of living, to increase net agricultural trade, and to increase rural farm income. The effect on rural wages is slightly negative, but income of small, medium and larger farms increase. The market price of water, relative to the average shadow price of water pre-water market reform, rises in 16 of the 20 irrigation perimeters contained in the seven ORMVAs detailed in the model. The increase ranges from a low of 1 percent to a high of almost 52 percent, while the declines in the four remaining perimeters range from a -0.27 percent to about -25 percent. The allocation of water to its most productive use also tends to raise the productivity of other resources, and hence their rental rates, such as agricultural capital and land that is specific to a perimeter.
While numerous technical and institutional difficulties exist to implementing the type of water market reform studied here, the potential economic benefits from the allocation of irrigation water to its most productive uses appears to be, not only substantial to the rural economy, but to the broader economy as well.
This study also makes clear the need to evaluate water policy in a broader content than just irrigated agriculture, and particularly so in countries where agriculture consumers a majority of disposable water supplies. 
